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Reretefore viaeous corrections used in the dealgn of thin marine 
propeller and hytrofell sections tave been bao! upon data obtaleed from 
experiwents with relatively thick sections, [nm an attempt to faorewe thie 
prowess, the visccus effects on the Lift af an extremely thin, Low camber 
@irfoil section werw stediad experimentally. 

an airfoll of seell triciness and Low canbor was constructed and 
Septeenented fox the neccurenens of pressere @istelbation slong the dered. 
Meamuremente were oate of the velocity distribution normal ta tha carfece 
of the foil at points alone the chord for several angles of attack ond 
twe Peynolde “ushers, uelog “inke* type sencers, The dlerlacement thick- 
ween of the boundary Layer alone the chem! wee then determined. Increasing 
the dimensions of the actusl fell by the dleplacement thickness and treating 
the resulting form op o solid body in potential Clow wae the acthod used 
for detarzining the viecwus correction in tyie work. She result of the 
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solution to potential flow shout thie eltered body was then compared with the 
experimentally determined preseure distribution, Compartaon of the Line 
ited amount of deta with theoretical predictions fa not conclusive, but 
suggests that with Leproved inetrumentetion, thin relatively straicht-e 
forward precedure will be suceessful, 
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I. INTRODUCTION 
A. ackeround 

As the design of high performance marine propellers and hydrofoils 
has become more exact, the desire to investigate all of the mechanisms 
of efficiency loss has naturally increased. One of the most evasive of 
these loss mechanisms is that of viscosity. It is obvious that viscosity, 
both melecular viscosity and the virtual or eddy viscosity arrising in 
turbulent flow, contribute to the drag of the foil by providing for trans= 
fer of energy from the foil to the medium in which it operates, thereby 
increasing the power required to move the foil through this medium, A 
little less obvious is the fact that due to the way we have chosen to 
treat the motion of the foil mathematically, viscosity causes a discrep-= 
ancy between the pressure distribution as we calculate it and what is 
actually measured in experiment. 

In order to make the solution of the flow about a lifting form trace 
table, we choose not to solve the Navier Stokes Equations in all their 
glory, but rather by applying the unrealistic boundary condition of 100% 
slip at the boundary, we use Laplace's Fquation for solving the so-called 
potential flow and apply the Kutta Condition at the trailing edge of the 
form to prevent the solution from giving results which we have observed 
do not occur, i.e. flow across the trailing edge. However, at the 
Reynolds Numbers around which these lifting surfaces operate, experiments 
indicate that there is a region around the foil where viscous effects 
are noticeable and in fact are of the same order of magnitude as the ine 


ertia forces. Thus, the existence of the boundary or shear layer around 
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the foil must be acknowledged if the artifice of potential theory is 
used to estimate flow behavior near the foil. The boundary layer is 
defined as the region quite near the surface of the foil where the vee 
locity varies from zero at the surface to some high fraction of the ve-= 
locity predicted by potential theory; in this thesis 0.992 has been 
chosen for this fraction. The flow then does not actually encounter the 
boundaries of the solid body as predicted by potential theory but it is 
assumed that it encounters boundaries which include the virtual thickness 
of the boundary layer, which allows no flow, i.e. displacement thickness. 
This change in the effective shape of the body then must change the lift 
since potential flow theory predicts a lift coefficient which is a func» 
tion of geometry only. The boundary layer generally grows unsynmetrically 
about the nose-tail line of the foil and therefore moves the center of 
the trailing edge in the direction of the thickest surface boundary lay- 
er. This effectively changes the angle of attack of the section which 
the flow encounters causing an additional change in lift. 

limited experiments pursuing the determination of viscous effects 
on the lift of airfoil sections have been carried out by Pinkerton (1), 
Preston (2), Schneider (3), and Spence (lL). In fact as far back as 1933, 
investigations were made into boundary layer development along two die 
_ mensional airfoils by Stuper (5). These experiments have been limited 
to foils of large thickness. However, for lack of better information, 
the results of these investigations have been used in the prediction of 
viscous effects in the design of thin marine propeller and hydrofoil 


sections, if viscous effects on the lift of these devices is considered 
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at all. Leopold (6), suggests that the above procedure is fallacious 
and proposes that since the boundary layer development on the surface of 
a foil is strongly dependent on the pressure distribution 9) and chord= 
wise Reynolds Number, the effects of thickness and Reynolds Number must 
indeed be incorporated in any consideration of lift alteration due to 
viscosity. Leopold recommends that the boundary layer on the surface of 
the foil be calculated using an approach developed by Moses (7), which 
has been programmed to accept the surface velocities predicted by poten- 
tial theory, then the displacement thickness, — (a - Ay, ) dy 
around the section is incorporated in the linear Pe to predict the 
‘lift of the section in viscous flow. The concluding sections of Leopold's 
work recommend experimental work oriented toward establishing the valid= 
ity of this approach. 
B. STATEMENT OF THE PROBLEM 

A proposed theory then exists for the determination of viscous 
lift correction which would be useful in the design of all foil sections 
but which is particularly applicable to foils used in Marine designs. 
However, no experimental work is available to uphold the theary. Errors 
may exist due to the difficulty in exactly stipulating the behavior of 
turbulent boundary layers in pressure gradients, and it is by no means 
clear that the pressure distribution around a body in viscous flow can 
be exactly modeled by the pressure distribution resulting from calcu- 
lating the potential flow around the body "corrected" by 5*. This method 
is, at best, an iterative approximation to the complicated Navier-Stokes 


Equations. The problem then, is first, to determine whether the measured 
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boundary layer thickness or more correctly, displacement thickness, when 
added to the dimensions of a foil, produces a shape whose potential flow 
solution for pressure distribution conforms to the measured pressure 
distribution. Second, since most algorithms for solving the turbulent 
boundary layer problem are accurate only far particular types of flo, 
i.e. (some breakdown in strong adverse pressure gradients, others in 
favorable gradients), the applicability of the boundary layer calcue- 
lation chosen by Leopold must be checked in this particular physical 
situation. Perhaps the most elusive factor is the effect of the loca-e 
tion of laminar-turbulent transition on both surfaces. The position of 
transition is extremely difficult to predict and is dependent on such 
parameters as surface roughness, turodulence level of the oncoming flow, 
and perturbations caused by vibration, in addition to the parameters 
which we feel we have reasonable ability to predict (dp/dx and Re,). 
The thickness of the boundary layer toward ihe trailing edge and its 
effect on the angle of attack of the adjusted form is highly dependent 
on the transition point on each surface as well as on the relative tran- 
sition points on the top and bottom surfaces. 
C. OBJECTIVES 

The objective of this thesis was to build and instrument a model 
of an extremely thin, low camber two dimensional section of a marine 
propeller or hydrofoil, measure the pressure distribution at reasonably 
high Reynolds Numbers and simultaneously measure the velocity dis-= 
eeabution normal to the surface at points along the chord on both the 


pressure and suction sides. The dimensions of the foil were then to be 
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increased by the value ofc” gotten from the experimental results. Now, 
with the offsets of this altered form, the pressure distribution around 

it was to be calculated, using the most convenient and accurate potential 
theory type calculation. The computer program organized by T. Brockett (8) 
was used for this purpose, rather than linear theory as recommended by 
Leopold (6). The pressure distribution obtained from this calculation 

was then to be compared with that which was experimentally determined. 

The boundary layer measurements were to be compared with results of the 


calculations due to Moses (7), as modified by Leopold (6). 
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II. PROCEDURE 

A. EXPFRIVMENTAL APPARATUS 

The primary requirement of this experiment was to be able to mease= . 
ure accurately, (1) the chord-wise pressure distribution and (2) the 
velocity distribution in the boundary layer. These items were to be 
obtained at as high a Reynolds Number as is experienced by the 0.7 radius 
section of a marine propeller. This Reynolds Number is approximately 
10’. The requirement for the test piece was that it be a reasonable 
model of a standard two dimensional foil section used in the design of 
propellers and hydrofoils. 
1. FOIL DESIGN 

The foil chosen was a NACA 66 modified nose and tail airfoil. The 
thickness ratio was to be 0.0333. A 1.0 mean line with 2% camber with 
a chord length of 60 inches was planned. Strength calculations were 
made, based on uniform lift along a 7 foot span with simple supports, 
and the results appeared marginal. The span was originally chosen to 
fit the vertical dimension of the test section of the Wright Brother's 
Wind Tunnel. Since it appeared that conventional foil construction 
methods would result in danger of structural failure at high Reynolds 
Numbers and high angles of attack as well as excess flexibility which 
might permit fluttering vibrations, it was decided to construct the 
foil of solid Honduras Mahogany reinforced rene span-wise direction 
by steel tubes. For reasons of economy, the span was reduced to four 
feet. Even with this modest span, robust construction was still nece 


essary. Static pressure taps were installed in the upper and lower 
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surfaces by drilling down to the span-wise tubes and filling the holes 
with Epoxy. After the surface of the Epoxy was finished flush with the 
surface of the foil, 0.035 inch holes were drilled into the Epoxy normal 
to the surface and down into the tubes. The leading and trailing edges 
were milled out of solid aluminum, and fitted into the wooden part of 
the foil with steel keys. 

The method of getting the pressure readings out of the wing as 
originally planned, appeared simple but, did not work out satisfactorily 
(Fig. 1). The center of each span-wise tube was plugged; effectively 
cividing each one into two tubes. The pressure taps were drilled down 
offset from the center of the span so that the upper and lower taps 
entered the tubes on either side of the plugs. This arrangement would 
allow the suction side pressures to be taken from one side of the foil 
and the pressure side from the other, thereby obtaining twenty-six pres- 
sure readings with only thirteen tubes. Unfortunately rendering the 
center plugs in the tubes air tight turned out to be impossible, and an 
alternate plan was used. 

Galvanized steel sheet end plates were bolted to the ends of the 
foil. The ends of the pressure take-off tubes were threaded and used as 
fastenings for the end plates. The plates were used to cover the open- 
ings in the end walls of the test section which were required to allow 
the pressure tubes to swing in a 10° arc. They also served the purpose 
of housing bolts to hold the foil in position at various angles of 


attack (Fig. 2). 
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2. DESIGN OF THE TEST SECTION 

The orginally planned seven foot span would have enabled the test 
section of the Wright Brothers Wind Tumel to be used without signifie 
cant alieration. However, when the four foot span section was built 
instead, an elaborate test section was necessitated. The foil was to 
be placed horizontally in the tunnel between end walls which would span 
the entire length and height of the tunnel test section. These walls 
were fabricated from sections of fibre board fastened to foundations 
bolted to the tunnel overhead. Tho center of the fabricated test section 
had circular arcs cut into it which would allow all of the protruding 
pressure tubes to swing freely when the angle of attack of the section 
was changed. The part of the end walls into which the foil was fitted 
was given additional bracing, and motal bearing plates were bolted to 
them to accept the pivotal tube of the airfoil. The overall dimensions 
of the test section were 73ft. high by 16ft. long with hft. between the 
end walls. The walls were toed out at the trailing edge by 3/8in. on 
each side to compensate for the nozzle effect caused by the development 
of a boundary layer along the test section. The amount of toe-out was 
determined by a simple flat plate turbulent boundary layer calculation 
for Be 
3. MEASURING APPARATUS 

As mentioned in section 1, airtight plugging of the centers of the 
pressure tubes was not successful, therefore, the neoprene tubeing from 
both sides of these tubes was connected to "T" joints and single tubes 


from the "T"s were connected to thirteen of the openings of a twenty-four 
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tube inclined manometer bank. Top and bottom pressures were measured on 
separate runs. When not in use, the holes of either suction or pressure 
sides were covered with a single long strip of very fine transparent 
tapee 

The total pressure readings in the boundary layer on the surface 
of the foil were taken using a ten tube rake, built by the Aerodynamics 
Projects Laboratory (Fig. 3). The top tube of this rake was a static 
tube; the remaining nine tubes were total pressure tubes ranging in 
distance from the surface from 0.02in. to 1.0in. The tubes had eliptical 
openings to aid resolution. The dimensions of the tube openings were: 
major axis 0.03in., minor axis 0.Olin. The major axis was parallel to 
the surface. The tubes connecting the rake to the manometer are called 
by the brand name "Stripatube" and the ten tubes come in a single strip 
with overall dimensions 1/8" by 23" wide. The strip was led aft over 
the trailing edge down to a stanchion mounted on the tunnel floor, down 
the stanchion, along the tunnel floor and thence out of the test section 
to ten of the tubes on the inclined manometer bank (Fig. lh). The purpose 
of the stanchion was to reduce the angle at which the Stripatube fell 
away from the foil surface, thereby reducing drag on the tubing and hence 
eliminating the possibility of having the rake removed from the surface 
in the middle of a run. An additional total pressure rake was used in 
—— where the boundary layer thickness exceeded 0.8 inches. It con- 
sisted of two total pressure tubes approximately 1.25 inches and 1.50 
inches above the surface. These tubes also had elliptical openings with 


the major axis parallel to the surface of the foil (Fig. 5). 
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A pitotestatic tube was mounted in the test section about five feet 
ahead of the foil. The tubes were led to an indirect reading manometer 
at the control board of the wind tunnel. A tee joint was placed in the 
static pressure tubing from the probe and a tube was led from it to the 
inclined manometer table so that the tunnel static pressure (Pstat co ) 
could be readily compared with the static pressures along the surface 
of the foil, which are also displayed on the inclined manometer bank. 

Surveying the boundary layer just aft of the trailing edge required 
the use of an additional rake. This one consisted of alternating groups 
of three total pressure tubes and one static tube (Fig. 6). Only twenty 
of the tubes were read. The entire rake was moved up and down, traversing 
the wake in intervals of 0.1 to 0.2 inches. The tubes from this rake 
were led to a vertical manometer in the tunnel control room. This rake 
was simply bolted to the floor of the tunnel just behind the foil and 
adjusted by hand between runs. 

An inclined manometer obtained from the Gas Turbine Laboratory was 
set up at an angle with the floor of 1).5°, giving an amplification factor 
of 4.0 to the readings (Fig. 7). The fluid used was Meriam Oil with a 
specific gravity of 0.827 at 60°F. The columns on the inclined manometer 
are numbered 1 thru 13 for the the thirteen static taps. "S" igs the 
tunnel static lead and numbers 1 thru 10 are the leads from the rake. 

The indirect reading manometer was of the inclined type with a vernier 
scale for adjusting the height of the inclined section (Fig. 8). It was 
filled with alcohol whose specific gravity was 0.806. The vertical 
manometer used for the wake survey also used alcohol of the same specific 


gravity (Fig. 6). ‘ 
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he SET UP PROBLEMS 

The main difficulty rested in the design of the foil section. Tha 
experiment would not be particularly meaningful if the section tested 
ware not a "thin" section. Also, large span was considered necessary to 
remove the possibility of end effects disturbing the boundary Layer at 
the center section. The combination of large span and small cross 
sectional moment of inertia introduced a considerable strength problem. 
In addition, the small thickness introduced obvious construction dife 
ficulties. After conversing with several sheet metal fabricators, .the 
idea of building the foil in a mamer similar to a conventional wing, 
using ribs and frames with sheet matal covering, was abandoned by the 
author. This was unfortunate, since excellent instrumentation of this 
type of model could have been obtained. The method of building the foil 
of chord-wise strips of mahogony fitted over steel tubes wes adopted. 
The installation of the pressure tubes seemed simple and foolproof. 
However, the finished surfaces of the Epoxy plugs were unsatisfactory 
in many instances due to the inclusion of small bubbles, and no amount 
of wet sanding seemed to help. Drilling the 0.035 holes through the plugs, 
regardless of how carefully done, heated some of the plugs enough to cause 
them to bulge slightly above the surface of the foil. Any small discone 
tinuity in the surfece can obviously make static pressure measurements 
inaccurate. 

The foil itself, whan returned by the model maker had several dise 
cropancies. The foil did not confarm to the template supplied by the 


author. It was in fact, drastically thinner and had greater camber. 
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The exact dimensions of the foil were obtained by the author, using a 
clay impression. It had been planned to leave the center section of 
the three sections of the leading and trailing edges unattached to the 
foil except by the key. This was to enable the author to further in-= 
strument the leading and trailing edges. Unfortunately the model maker 
misunderstood and returned the foil solidly together in all aspects, 
As a result, a rather crude job was done in getting pressure readings 
from the leading and trailing edges. 
B EXPERIMENTAL METHOD 

With the model set up in the tunnel at the desired angle of attack, 
the rake was attached to the surface of the foil using pieces of tape. 
The leading edges of the tape were blended to the foil surface using 
fine Scotch Tape. The rake was always positioned with the openings of 
its static tube on the same chord-wise line as a surface static tap 
(Fig-9). This facilitated comparison between the surface static pres~ 
sure and the static pressure at the edge of the boundary layer. In 
regions of seperated flow or where large streamline curvature existed, 
no significant correlation was expected. The total pressures and static 
pressures from the rake, the static pressures on the foil surface and 
the tunnel static pressure upstream of the wing were read on the inclined 
manometer. The tunnel velocity head was measured on the indirect reading 
manometer. 

Twelve runs were made on each foil surface, coinciding with twelve 
of the thirteen surface taps. The rake could not be placed far enough 
back on the trailing edge to get a run for a position corresponding to 


number thirteen surface tap. 


vree Lidt nat? te ro lesewsh gO 

“ betaine Seed Sai tS]: ote : 

, bee gatteal elf to winttnns: \ 

wilpigd of <= - 9 tome a ew el? oyu aade we: = 

‘wim (e406 oO =a" =F OS® Gall eee nae’ gaan alll 
ngs i256 af tmttaper ¢b2 fee ,a0t od? Serene See "i 

pa — 1 ue) Pltiey «2 etd che Gk Ghee rather agit 


och patient ee 4 


(Meaits YW elaine ecies@ wir 1 adil wiht dp tae Gemma 
_ dead Se ene geass Fivt: 602 ene eae bebe 
nights, ene beie. Liv act-od topes erag hen Aele She aamghes 
te epubiere wy etiv canprriceg events cewwliey-al? egehl 
a PERNA Ee (6 Se gt tee MNOS, meme pa oe ll : 
et Sri DiAta sonia ac) newman! Marwegeop hevanttiea’ alee. Ji 

as “eruad yratien act Ye aghe 6? te qumenny itaby ial 
: etnies idersen eatlOnaSs pnih males mt Sakon 5 be 
apieis tye ‘runt lets? att tee we anttalerwe 
: AER SLY LID td ow wrcrby “sitet ab anche a wit 
Metion Wo nes wy ante tu eng brat tobe 
Stes tee eis tr ah i baht 


= 


=) 


a 


. a 


ci A tan enti at * nT 
Sn RT ne id Aes ten site otyht oxstue oe 
oe ee 


eddies 


Each of the runs actually were made at slightly different Reynolds 
Numbers, since the tunnel velocity would not return to the same value 
after the tunnel was shut down for repositioning the rake for the next 
rune 

However, the difference in the velocity head for the various runs 
amounted to, at most, 0.06 inches of fluid of specific gravity 0.806, 
which is equivalent to 1.1 feet per second. This, obviously has little 
effect on Reynolds Number and therefore no loss in accuracy of the 
measurements of viscous phenomena is expected. 

The runs were to be made on both surfaces of the foil. And the 
eriginal plan was to take measurements at five different angles of attack 
and at two Reynolds Numbers. This amounts to 20 runs. Since, the total 
pressure tubes on the boundary layer took close to thirty-five minutes 
to steady down, and since it was necessary to measure the heights of the 
rake tubes above the foil surface and carefully reposition the rake after 
each run, bringing the total "run time" to about forty-five minutes, it 
was not possible to make nearly the number of measurements originally 
planned. When it was necessary to leave the wind tunnel, the following 
information had been obtained: 

ae) At zero angle of attack: 

1. Total head profiles at 23 stations 
(11 on the suction side and 12 on the pressure side, 
at a Reynolds Number of 3,67 x 106) 

2 Total head profiles at 12 stations 
(6 on the suction side and 6 on pressure side, 


at a Reynolds Number of 5.;5 x 10°) 
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3. Wake surveys of total and static pressures at both 
Reynolds Numbers 
ll. Static pressures at the surface of the foil for both 
Reynolds Numbers. 
5. Rough ideas of the location of transition from laminar 
to turbulent flow using lampblack traces. 
be) At +2° angle of attack 
1. Same as number (1.) above 
2. Wake survey at a Reynolds Number of 3.67 x 106 
3. Static pressure at the surface for Reynolds Number 
of 3.67 x 10°, 
ce) At *5° and <° angle of attack 
1. Only total head profiles on the top surface of the 
foil at Reynolds Number of 3.67 x 106 at 12 stations 
At zero angle of attack, surface pressures on the foil were re- 
corded every time a total pressure profile was measured. This was nec- 
essary only to determine how positioning of the rake along the chord 
affected the chord-wise pressure distribution. It was found that, with 
the rake in position on the foil, the pressure distribution was slightly 
greater in magnitude and shifted along the chord toward the trailing edge. 
But the differences between the distributions were small and the slopes 
were essentially the same, so no noticeable effects on the boundary layer 
development were expected. This practice was then discontinued since it 
was time consuming and did not produce any additional meaningful data. 


It should be noted that the effect of moving the rake along the foil was 
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extremely emall and differenses vere noticed only betwoun tie conditions 
af the rae on or the rake off, regardless of pawition, 

The surface static pressure readings on the leading and tratliing 
edge sections were measured using ao voriety ef anall probes since only the 
top ourfece tap on the trailing edge won airtight. | eankl 0.09% 6,7. 
Cube, with an OL ques heke Getiled fate tte surface wae dextgued in much 
@ wey thet it would heve the seme curvature ao the leading edge, and ite 
onifiee weld be im the cewe position as the apoposed garface tap, Th 
was placed on the Leading edge and festennd te the surface with tape. 
Sefore using Lt, the orehe wae placed on the game cherdewice Line a9 
several other of the static taps amd the rendings were compared, Agrage 
nom, of the readings obtained using the tre different sources was coed. 
The measured differences were of the order of ©.005 toches of Mariam O11, 
with a total reading af b.00 inches. 

A gimiler tube wae aaed to oytein the vtetic pressures around the 
trailing edge, fhe only difference wax, thet the prohe wood on ie 
trailing edge hed « 90° angle bend close to the ond so that readings 
would be taken within 1.0 inches of the tredling edge witheut hewiew © 
to te steady and reliehle ond se a recalt, wrre oot exploited. Thie wae 
unfortunnte, since after plotting the resulting presoure coafficionte, 
the ones obteined with this prety sepmed te fair in eleely with other 
data. ore informstion sbont the treating etae etetic orecoures weald 
have helped muke a more intelligent explanstion of the sheerved boundary 
Layer derolopment in this roghom. 
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A brie? ceview of the overall sromeduare is ee follows 
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Test the sywter for Wake, 

Pooition the reke adjacent to s atatia tapes 

Laghteaff! the wind tumel and obtain the desired speed. 

feed the inclined manometer whem stendy. 

Sheet, darn tunnel. 

Measure snd recerd the rekw tube hetghte. 

Sepagition the rake, 

at the reqeired angie ef attack. 

Change the angle of attesk and repeat itema 1, through 9. Check 
were made for lenke on the atetie teben after changing the angle 
of attank berause the stetic presaure lends were often detuned 
by the tabes ewinging torah the exce gat im the end onlle. 
after obtaining el] the desired totel preasure wurveys on tne 
wurfaos, remove the rake am! Stelestube woprert stenghion. [ne 
etell wake gumrey sypnrn tit. 

Yend totel and stetic presen in the wake on vertier! nemaneter, 
Sepositiien rake vertically. “epest readings until ressenahle 
corurage of a region 2.0 inehes ubove end below the fell ig ome 
talnod. 

Shtisin gurface etetia preawura rendings for bath surfaces at 
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roading the regalts on the inclined sunometer. These readings 
were taken without any tubes or other eaearstas on the foil 


The previous section cublines the wenural data wiich war ebtatond 
hy the end of the experiment. The informetion on the foil at 0,0 angle 
ef attack wae most important. At each of the atations on both aurferes 
(the stations esincide with the surface taps) there lo « series of ten 
or twelve total head seraurementes at waridus distances from the surfece 
of the foil. There were two static presaures svaileble for ebtelming 
the dynamic head in these profiles, ne of theae was read on the top 
tube on the rake end the other seagured at the adjacent surface statia 
from both the reke ari the static tape, ard noting that the difference 
boteeen the cooffictents wan email, it waa demidad to use the reading 
om the rake stetic tube for boundery Lerer caleuletiona, The foil hes 
eich low curveture that it te dovbtfal thet any eoprectable preseure drop 
serena the boundary layer dp/ér = ¥°/% te to be expected exsept right on 
the leading edge, end mo attempt wes made te obtain total bead measare~ 
ments very vlose to the nowe of the Teil. Tn commuting the dynemia 
hoads in the houndary leyer then, a constant locsl b statie was subs 
trected fron the seasured total presaure: b( dynastic) «= ) total « aletat leral). 

To ingore that the tep probes of the boundary Larar rae were ine 
dead ont of the leyer, tho totel heed reneured at the tooneat total heed 
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tuke on the rake was conpored with the total need of the stream upetrenn 
af the foil section. This war aceomplished by converting the dynemie 
head upstream of the folk (monsured on the vertios] indirect reading mane 
ometer) to the sume serle as the inclined samoweter. Firet the incline 
ation wast be considered and then of course the difference in specific 


grovities ae follows: (2) 
Spite of fluid in ind. reed. mitre. 
apg. of Mindid in inel. mans tin (4 ine) 


Sow with both upetreas dynamic bead and loeal total heed in the same 
measgarenent syetes, the uprtreom stetic heat rend on the inclined man~ 
ometer ves aubtrected from upstream dynumic head, If the total pressure 
tubes in the top gestion of the wake are wot of the shear Loyer and in 
&@ vegion of eusentioliy potential flav, then from Sernoulii, % total = © 
thus the two readings must be the sao, Th thie experiment the agree- 
went between the total prassures war usunlly calte good. ifferences of 
& few hundredthe of an inch on read on the inclined manometer were most 
frequently encountered, The wexiewn disagreement wes 0.15 iuetes om the 
inelined wanometer. And thia amounbe to on erro of about one porvent 
in the ratio of bh dynamic (boundary lever) to h dymenie {potentiol). 
After all of the totel pressure readings hed been correrted for mane 
oweter teros, ste,, they were conpared with the potentiel flew dynastic 
head an follows: 
h dynacio (80%) hy total « Petet CLaoal) 
v/? wee then commuted by talking the square root of thie ratio. 
vn = ee Yetat (lover) | > (2) 
4 * Posgs Clooal) 
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After this ealeuletion ts carried out for each totel preeeure tube 
reading atrose the bountery layer, it ie possible to plot the non 
@imensional boundery layer veloolties againet distance y. The was 
accomplished for all of the wtation: on the top and bottom ourface of 
the foil at 0.07 and *2,.0° angle of attack. 

in order to presend further tate the numerical omalysia of the 
boundary layer, » Limit for v/¥ mut be defined which will be, for the 
parpase of calaulation, the outer dca of the boundery Jager. 0.992 has 
been chosen, Thies figure ta usually applied te the laninar boundary 
lever where « cleer bowelary betewoon the viseous ond invieeid Slee dose 
not exist. enending on reughness, however, the tersalert layer may 
have @ reasonebly distinct boundary. “onethelers, the figure 9.997 for 
+/V wae used es an outer Linit for beth turbulent end lewiner layers 
for ne other reneen than to stenierdian the limite of the greshical 
integration of the velocity proff les. 

finee the prisary vareese of the experiment wee to determine the 
effect of the bowery leyer on the oreseuen lomiing of the foll, @ 
quantity must be obteined Cran the veleotty dletribstion in the sheer 
@iepleced in *ncring aroawi* the low velocity region <f the boundary 
teyer. it has been stated earlier thet thie quentity is called “ and 


" a (2 = oA) aye ” 


Ye call the boundary lager thickness, the region in witeh v/? io lee 
than 0.997. We then define * ae quel te the helcht which when 
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subtracted from the actual height of the Layer, results in o height 
which 1f multiplied by the free stream velocity cives the sane flow 
per anit width as the boundary Layer permite. 
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To obteins”, the velocity profiles were plotted te « large seale on 
sheets of millimeter crosa section peper. The height seale wae twenty 
times the actual height of the boundary layer and the scale for v/! was 
spread oat over = twenty inch abciesa. The resulting prefiles were then 
mechantoally integrated using a planimater to obtein.s*. 

The series of tote) preseure heade and static readings obtelned in 
the weke gurvey were treated in a similar eanmer, and a velue for 5 was 
obtained for the rezions of the wake either side of » center Line extending 
back from the center of the trailing edge perelic! to the tunnel floor. 
The values of 6” slong the chord of the foil aad at the point in the wake, 
x/o * 1.023, were plotted versus cordewise distance/eort Length. 

The behavior of the boendary Layer at the trailing ede was not 
determined experimentally doe to Mmitations in the measuring devices 
and is not entirely imown but Judging from the prascure cradient measured 
in that region, it must continue to crow rapidly to the trailing edge 
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and then fall as the flow orsund the trelling edge causes the pressure 
te drop, The wake point indicates thet come dlacentinelty extete in 
the slope ef the ” versus x/ohord curve at the tretling ade. With this 
in mind the * curve was extrapolated back to the tratling edge, and 
values for ” ware obtained from the plots ot pointe on the abelsss core 
Yeepending te the required ordi natew of the compater progren for the 
potential flow celewlstion. ef. (*). 

The sotual shape of the foil wae obtelmed using « cley lepreseion 
amd the dimensions wore LMated «et the “reeuired ardinste®, The dige 
Placement thickness values wore then added to the dloenelong of the foil 
and on intermediate form deternined. The foil dimensions by definition, 
are syenstrica) aboot the nove teil Line of the trailing edie, The 
boundary layer hovever, ie not, om after edjasting the shape of the toll 
vy “we howe e foll whieh is unsysmetrical about the original nose tall 
line. The new center of the trailing aige wae then detereined and the 
new nove-teil line defined. The and of the seseawtell Line new peeere 
through o point whese relative Glotenes to the original canter of the 
leading odge te given by 

* cop ~ ” wetter (8) 


The angle ef attack used te enter the murerice) conformal secping orn 
gram mest be adjusted accordingly. One additions! correction is sen= 
esnery, The nose-tell Line, once srifted dua te the anaypmewtriesl 
trailing edge thickness, changes the value ef the ordinates ome again, 
oo all of the dimenelons must be corrected by 

y * x ten o (9) 
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yeu afe @ r/o» to ofa 
y*e x/fe (19) 

Whether y fa to be added or aubtracted fron the ordinates depends, 
of course, on which ordisates we ore altering ont the alem of the 
angular chenge, The ordinetes ef thia thrice corrected foll and 
corrected angle of attack are then omtered ac impute te a mamerionk 
conformal mapping program, (Sef, &), for the solution of Mow arows 
arbitrery profiles, The output of this progres ie ordmerily the cherd~ 
wine pressure distribetion of the foil in queetian. The reaulte of 
this program vere to be compared with the pressure dletrlbution drteined 
dn the sxpertnent. 
2, CALCULATION OF Tim Paesoee CoOrrr TC tats 

Reth the stetio praseure at the hort of the text section and the 
wtatic preeraren soneet ty the tes tube on the boundery Layer ree and 
the surface taps were measured on the Inelined nanometer. The aoe 
tation of the pressure eonfficients ¢, = typ vas then « matter of 
applying the corrective te esepanante for the tilt of the manometer 
table net in the plane of inclination and subtract h atetée at the head 
of the tumel from the local static head measured with the rake o the 
tape, The dynecio heed obaerved on the imiirert reading manometer was 
agein converted to the seme aeale on the inclined mayenster ant the 
resulting quantity 
Me BOG X () 
Sar a hf indirect) 

h(inglined) © 3.9% h( indi rest) 

he divided inte the static head dL! 7ermnees 
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h etat « h etet 
leesl = upetruem (12) 
3493 b{indireet} * 
The only slight difficulty which arises, te when the pressure coef 
fielents are caleuleted fros the cescurenente taken on the rake atetic 
prove. Each mossurement ie made at slightly different tunnel apoed 
and go onch calculation tevelves different dynamic and stetie oresourec. 
The pressure coefficients fall inte five eategorien: 
(as) ‘Those determined fron surfooe stetic tap rantings with 
™ epperstus on the foll. 
(ve) Those determined fron the tor prebe on the boundary 
layer rake with the reve on the foil, of course, 
{e.) These deternined from surfaee etatic tap readings with 
the rake on the foil. 
(de) Those deterninad by tho potential flow celowlation around 
the real bocty. 
(oo) Those detereined by the potential flow ealeulation eround 
the corrected foil, 
ALL five were plotted ae a function of chord wien dictance/ chord 
leagth, to ebtain an ides of the error caused by the presence of the 
rake, sm! to detercine the agreammnt of the theory with experiment. 
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TXXe RLGULTS 


The results of the total pressure surveys sede along the chord are 
shown in figures 10 end 12. Tha displacement tiicknese te plotted es 
a function of distanee/ehord length. The figures show the effects of 
the pressure cradients aleng the chord on the develovment af the 
boundary layer. The actual computed values of boundary layer thick- 
ness and dieplecesent thickness are tewulated in Tadlee TIT ami iV. 
In addition the veleeity profiles at each cherdewioe station are Lietad 
in Table Vt. ‘The plots of velocity distribution versus y/ are shan 
im figures 12 through 17. The originel slote of v/¥ vereus » were dons 
on hage sheete of paper and heave not been ineluded in thie report. 

The displacement thickness in the weke 1.35 inches im back of the 
tweiling edge wee detersined by « wurvey of wake total pressures, The 
veke surveys are talmleted in Table Y end dhown graphically in figures 
16 and 19. 

The boundary layer surveys indicate on extremely renid thickening 
of the boundery Layer in the presence of adverse preavere cradlenta 
toward the trailing edge. This may be seen quite clearly by stoorving 
beth the measured preeeure distribution in figure 20 end the curve of 
versus x/e, figure 10. Although this is for @ nominel angle of attack 
of 0.0° the location of the stagnation point fe indicated in figure 20 


@ 


os being on the upper aurfree which belies an effective negative angle 
of attack. Im Sicures 11 and 2h, the correlation betaeen prescure 
@ivztribation and bueondary Layer develLopoernt way also be noted. 
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Again referring to figure 19, what oappeere te be transition secure 
somevhkere betaeen x/o * 9.5 ond ef. Mique 1? dleplaying the velocity | 
distribution at verlous chordewise points shows elec » noticeable charge 
im the shape of the velocity profile between those chordrisve pointe. 

A distinet rise in surface presmure sey alco be cheorved in Mirure 72, 
at thie point. Actunlly thie benerier ¢doee not really flenly indicate 
transition end other poselbilities for what sey be escuring here will 
be éisoussed later. The min point to observe in the boundary lerer 
growth et nominal sere anche of attack is the fact thet the behewier of 
the beundeary Layer along with the pressure distribution curve show the 
foil to be at some negative angle of attack, Meties thet renid boundary 
layer growth camences ieentiotely on the forward portion of the bottoen 
warface snd how retarded Lewinar flow exicte on the tor surface up antil 
the sforementianed point of suspected transition. “bvlously the stage 
sation ooint is om the usper surface of the wing ond the low prescure 
region eaused by the corner flow around the rose causes the boundery 
lager on the bottom to seperete bemediately amd reattach in tartulent 
regime. om the ten gurfsew the larve twgetive preseure gradient ot 

the leading aice, os way be acon in figure 96, leninerices the flow in 
the regions thus reterding ite crarthe 

&% on anole of attack of 220° the top vurfaee grewth Le quite repid 
ent observing the velocity profiles in figares 14 end 17, we gee that 
ae dietinet chenges in ahepe occur. The pressure gradient om the top 
wurface at 2° angle of atten: ia edverse all the way from w/e © O10 
henec, the boundary leyer ara correaponding dleplacerent thickness are 
quite lerce at the trailing ecpite 
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The wake surveys shown in figure: 14 and 19 show nothing of portice 
alar note. They were teen only te othain a Chyure for Cleplacesent 
thiekness s¢ «loge to the treilins odve es powmible. The pointe plotted 
wm Myures 10 and 11, ere wot o particular aid in predicting trailing 
edge behavior since it ‘an been experimentally established ty “mactan 
and Sweeting (Sef. 12), that “and °/9 suffer « slope dlecontinulty 
at the trailing edge. This can be observed (with imeginetion) in thie 
experiment if we oaserve the pressure crediente ond the trem’ of the 
boundary layer grovth end extrepelete te the tralline ade, then pro- 
goed fran thia point to the wake point directiy., This hee bean done 
with dotted lines in the figures. 


The pressure distribution scarves have been eeantionel im the previcas 
apotion as an aid in viewsligiog woat wow heopening te the boundary layer. 
Tm this reapest they acoeer rengonable, The seasured gradients seam to 
agree with other seaygured cherecteriatice of the axperivant. “henver, 

at may be sean upon comparing the seaeured pressure dintrtibation (figs. 
20, 23, end 2h), with the potential Mow distribations obteined fron 

T. Brocketts computer program (ef, &), (Mes. 22 and 25), agreement 

here ls poor. 

The preasure distribution on the unaltered foil seetion se pre- 
Sieted by potential Clee chess, for the nowinal 2° sngle of attack, o 
Lift aveffictent of 0.127683. 

The foil corrected for dlarlecasent thickrmes and with the revelting 
angle of attack change (effective angle of attack « 1.95497) predtete « 
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lift cosffietent of O.ib4. The rensured preseure dictrivution when 
smchanically integrated reaulte in a Lift coefficient of 5.395. This 
would eorrespund to an engle of etinck of abowt 1.16 cecrean. At this 
angie of attack the pressure diutribetian wee plotted on Migure 20. 
The pointe were oles diaplayed in Micure 7h for ooemarlaon. “eagoneh le 
agreement con be eeen right up te within xfe « 0,907 far the ton gurfane. 
At tris potert the fofluence of the commer ce the square tend line edwe 
emaves the potential exloulstion te predict very low preamuree. Since 
no Gute wee oinined for thie raion, no etequete compariaon em he mets 
Yhe bottos wurfece date however, sgrece with the gredicted preasure die- 
tribetion only in general trem? up to within a few percert te the trelling 
eigen, “he segnitude ia greater by LOO, 

The results of the potential flow ealealations sround the body 
corrected by dlaplacesent thickesas set with angle of atteck edjusted 
‘yy the arotan of the retic of dieplacewtt thickness fi ffereme te chord 
lomgth at the trailing efve, azreeu wiih ise oxtewhial theery for the 
aid sherds crea vot, st the leading odige tie oeell angle af attack change 
shows ap and at the trailing eve the tolebnesa affects benoee apperent 
atut the corrected foll pressures in the region of «/e * 0.7 te a/e « 1.00 
flatten out and then fall rapldly et the tratling eitge due to the accel 
erating flere 

%% arpeore then that there ere thres ecurees of digagrecemt,. Firet, 
the oressure dietributieon oe pradiote! by potentiel theory dors not agree 
well vi th the axperimental deta, “weoml, the oraseure distrinetion 
arovurd the corrected form dona not ecrwe with the experimental data. 
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Third, the pressure dletribation arcunmt the corrected form not only 
does not acres with the potential theery bat it predicts a correstion 
whieh although ie the lerler. reeult of the input fe just the oppouwite 
of the reaalt whieh ts sought. 

Fisere 73 diepleys the oressure distritvebion around the felk et « 
Reynolds Sumter of SehS x 10°, Considering the scale of the plot, it 
ogreus well with the measurements obtatrad et fe * 3.47 x 10% There 
wan some slight change in the boundary lever twhevior (Pie. 10) ot the 
two Reynolds Suxbere Gut nothing whieh would “esate” sfionifieant Hf. 
ference tn the preswure dletritection «arent perhane due to serewent of 
the trangitdion points. 


Table Tt lists the original dimension af the foll which was teeted. 
Te de pot » MACK 46 with & 1.69 meen Line nor dows If have the original by 
Geeiced thicknees ratio of 0,033. % La thinner end bea core caster, 
Table XT alec liste the displacement thicimese at the required ordinates 
of Ref, 6 and, the correction in the offsets for adjusted angle of attack 
and finally the completely corrected foil dimension: for 9,0° art 7,09 
angle of attack, These forms were used en inpata to the awuweter precran 
emi the regelte of these comutations have been oatlined in the prericus 
section, ‘The patemtiel flee resuite for both te corrented wed unoare 
rected folle have bear slotted tn Mieures 22 ami PS. toting the Llerge 
Hnegressert, an aiteewt was wede te Pied the angle of attack for whieh 
the experiments! foi) wen teated. The commuter normltie were obtairad 
for & range of anzle fron «2,59 to *2,0" ot ewall intervale. 1% angles 
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for whteh the Lift eseffictert duc te theory agreed with thet of experle 
sent, the resulting pressure disteloution wee pletted. 4% 2° nominal 
angle of attack, reaeonsble agrmment wae cotten beteoon omasuread and 
oaleulated pressure distribution for the top aurface at 1,20° but the 
wottes surfece was considerably off, it 00° nstnal ongle of atheck, 
the program vetout aqreed soreehat with the top surfese data ot on 
angle of atteck of 0,20", end hore the bottom surface dete disagreed 
in wamnitede, In fact the experiment seve al) ooeetive presaure oo» 
effietents where theery predicted goal] positive ones ae may be seen vA 
commering figure 90 amt 27. 

The resulte of the sessurements of the preemere dintribution with 
the vale on te curface te chown in Migere 71, Comperiawm of thie 
graph with Sleure 20 irtiestes Little differcnee in the dteteibation 
owtained with the rake on and off the sirfaces 


twa photocrant devicting the ace of corhen bleck on tae fotl ange 
face ore shown in Migere 9, Unoaile sorben Whack aed of te ase to 
predict seperation. Sowerer, slime the ehructum of turbulent flew ia 
quite 2ifferent fro= that of leminer, the eathor felt thet sone insight 
wight be seine? inte the lowetion of trenaltion ea well ey seperation, 
if ex, by acing carbon black, *4 eero angle of attack ant Reyrokda 
Humber © 3.67 x 10° the Clow of the aurbon black flow patter changed 
completely between stotione 7 and & whieh oor 
w/e 0.5 and sf, On thu bottom werfese the same babevior was cbeerved 
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between stations 3 and h. Mure 9% shows the behavior of the earbon 
Mack ot an incidence of 2.0° and indieates transition near atetion 
four. There to no reinforcement of this toherler in the plet of ” 
for 2° as shown in Piguee 11. 
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Ae QteRAL 
& te? review of the experimental results is in omter at tite 
polnbe 


Moret, the fold te obvieuely not at the ancle of attack measered 
im the wind temel. Some reach comperiaon with the dete for some Pitty 
odd smgles of attack gotten from poturiial theery, oodiontia thet the 
foil may be below the seagurm! angles of attack anywhere from O.1 te 
0 degress, The mesaured preseure distributions for nomtoal care and 
2.0" anglos of attack produce Lift coefficients ef O15 and 0.939 re~ 
epectively. ‘Toth of these Tleures are well] below those preficted ty the 
potential theery calculations; 0.268 and o.)0) for 0.0 and 2.0° re~ 
spectively. The valuas fron theory were gotainet! by sechenicallg intae 
grating the pressure distrilmtions shtained from the procram outgut. 
The Cy listed ty the program depends uoon o given ides] augle of attack 
wg 1ift slope. “ince these values were not available exectiy for the 
foil ueed in the experinect, 14 “as necesonry to check the mocrom 
results in toils sacwr. 

teeondliy, even shen presaure diatethations geiained Sram the pro} 
grem at angles of attack, which gare (ee oeet Lift ee experiowstal date 
predicted were compered with the date, toe sressure disteibetions did 
not agree particularly well, ‘> zédition, attemyte were sate to Mind 
engles of atteck fer whlch ereseure diotritutions on one of the vurfaces 
agreed with theory, and then compere the preewere distribution ai the 
other surface as well os the Lift easffietart. Fae en angle of attack 
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of 1.2% the top ourface dats agreoa reasonably with the ovapated prove 
gare distribution whereas the coaputed botter warfece pressures are 
mueh higher than these for the experlaanh. The towed aff the oumpoted 
presgures te however, eaeentially the saan but the Lift coadficient is 
slightly higher. 

After unsureesatuliy attempting to came up with et angle of attach 
at which the potential flow calealotions reswebled the wmporlosntal me 
suite, it wes decided to figure what experimental errer waa responcible 
for the mlanetching. The first thought wae thet, perhaps tie eign of 
the static head on the inclined exnometer may heve bean reed wrong bat, 
gince for exesple, on the readings at sere angle of attieck fer Ge 
etter, the stetic proveure wee a0 clone to sero om the manomrter haart 
that a difference in sign wesld net onke ony difference (at wat ei"), 
However, if the pltet-statie tube at the head of the tannel were tn 
ercor, oxy, ten percent, then the reading obtained with 14 a6 a rally 
erence would be serivuely in eyrer., “hie le tree eines beth Petetan 
and Qo sve obtained Cras thie inelrwet. This can be i instewted ir 
the aseuring that tetel preecmre ia Anem accurately sad that the steiie 
tape ere perfect. <2 « orancaure coefMictent of G1 were belag meawured 
and 

me -h stat 
q 90 
if gee is sround 12, oe ie thie amferiowss, thon b stet ~ b atetao ~ 1.2", 
Then suppose the pltet static tube wae in arrer ty 10° or let". If 
total t¢ imown, amd it coaslly ie sown quite ascuretely, then p steton 
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changes ty 1.2", therefore for readings thie close te the sero a change 
of 1.2* 4f im the right direction could double the pressure coefficient 
and change ite slam. in general, the effect of not mowing dynamic 
presoure oxnctly can change the acele of the preseure dietribution acale 
ae well ag shifting the axie ‘eenuse if ie ga amd hb pieteo thet we ore 
uncertein of in this equation 
heh atateo 
ao 
Qe 

The etetie pressure readings wore not taken et the eome thee on 
beth surfeces which adds to the diffioulty of putting a finger om the 
prebles. The botten surface readings were taxen toward the end of the 
exporimant and the nitetestatic tube ami ite savceiated lines and 
gonemetersa may well heve develeoed an orrer between the meaetrenents of 
the two @latributions. “mever, the deta for the tap surface at 2? 
nominal angle of attack wae abstained in between better wurfane reedi ngs 
for sere ond 2.0° angler of attack ond both tor surface soasuresente 
appear to be reasonthle. 

Tf we rule out the poestbility thet the static tube and equipment 
vere in error theres reesin only « few were reseons for the difMtouley 
emi these have to do with the offerte of the walle and cetling and the 
possibility of « vertices! dynamic head werietione The sitot tube was 
mounted in the upper gectian of the tunnel about two foot from the 
foll wee somtet about 3) feat from the floor, 

Sleuert (ef. 9), hes obtained corrections to the effective angle 
of attesk of a two dlmanetomel foil in a closet tot, Thies wee 
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acoonplished by replacing the floor and overhead by sir fell tances amt 
gontinuing wrttl an infinite casesds was oroduceed. “he resulte are as 
follower / 


2 * @ 
Qe eam ae wm fist + bem? 1h )(S73) {12} 
2 8 bk 
are 
- # 2 
(eo he 19) 
a, at 


where Gn’ (7) te the moment about the quoter chord where C/h te tho 
ratio of chord length to tame] height. to thie oxperiment it wae 
equal to 0.667. 

Cy! is the nozeured Lift in the tunnel. 

fy * G.9086 Cy*. 

at meine welues of ongiea of attack of 5.0° end 2.90 the tras 11fy, 
eoefficlent vee then 0.1912 smi 3.31) respectively. 

ta! ()} wan eetinnted fron tha wmeasared presuare distributions op 
9.0341 at sere dexrses and 0.00 for 2.0%, With these welaes, the 
correction to angle of attank becomes: 


4 bead eet ad 
(0.09) 


q = O31. 
(2.0) 


Clearly, thease corrections are set eufficlent te acerunt for the poor 
Gatme 

If there axtated « vertios] dyresie head varistion in the tunnel, 
dus to peer design of the contraction nomsie, then saving the pitetesbetic 
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tube in the upper section of the test section would he dissetesun ond 
p stator would, of course, be correct for the unger ourfece and in error | 
im the lower section.  t wee However, mecessory te olan the pitet 
tabe in thet portion of the tunnel to prevent ite wake from impimring 
on the surface of the foil, The maximus errar enoventered, acoording 
to Poole (Sef. 10), 1a 2 to 3 of the dynamic hesd ami the region of 
error {2 uoually confined te « short disterem from the flow ot the 
SNLTAMNIG 

The possibility of «2 eresmare crecient existing lengthwise damn 
the tunnel section existe but preteutions vere taken to reseve this 
effect. The walle were teed out, ‘Secerding to tef. (10), thie affect 
ean aleo be ceused by the presence of the boy itesif but ie restricted 
however, to bodies math as fuselayes end nacelles and ie negligible for 
norwel wings, by inference then, the effect suet be even more negligible 
for such e thin gection e¢ the one tested im thie experiment. 

& sieple oalevlation fuet to actimnte the contraction effect of 
the foil om the Jot entering the test section 
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where ¥, ia the veloolty st the pitet tube and Ys is the velocity, in 
inommoressibie flow, im the wicinity of the Poll. This region ia 
modeled by « section of aree decresaed by the crose weeticnel sree of 
the fell, So, Ay, is the test section area ot the pitet tute and Ag is 
the effective flor oren in the resion of the foil. 
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Thus, the correstion to the pressure coafficients le teo ondere of 

To cumoriee the precesding explarntion, there exiate en errer in 
static pressure reedinge of sufficient seguitude thet only the viasoug 
effects wo the gradients of the preseuree ver So disreceed. The exe 
periment wae considerably more delicate than the suthor eonceivet and 
mack greater contre] end exliteretion thin war emcerlead le neceusery te 
wake am irtelligtest cerrection te thle dlacrapanny. 

Be BMONANT LATER PRO TiaS 

Tre dante obtained for the boundary layer preflles ia good and 
agrees with whet one would expect in the presence of the menwored 
Pressure qradlents, 

The preflies indicste that the Tew ia turbelent slong the surface 
ef the foil exeest for the tos gurface of the section tewted at a mondeml 
angle of attack of 0.0%. Were, ob station 1, the whape factor te 2.290 
wWhleh corresponds to « lurtner boundery lever whieh ie Petrly stable. 
Stetion 1, on the ton surface ta, aieurding to figure 70, tn @ region 
of intense scoeleration., ‘The shape fector han decreased to sbont 1.87 
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8 we approach stetion 4, wich scams to indicate thet treneltion to 
turtulent flow tee occured, howerer, | drape charoly between station 6 
and 7 end by station 8, bas begun to riew reoidly as flow neere the 
trailing edge. At station 17, % toe reaehed the volue of 2.73. ‘his 
type of behavior i¢ eben in Hef. (11) by Yon ‘wenhoff end Telrevin, in 
their experiments with air foil ceactions. The trend of which | apmak 
fe the Sigh value of 5 at the leading ecye, doorecwing om’? then rising 
in turbulent flee. 

This informition then rmmoves the cartalntiy that wiel ve see 
between station 7 and § on the top warface ie towly tracaition. Poole, 
Ref. 16, lodlesteo thet tremition can 66 noted by teking pressure 
wescure~nte & shert digtence fron the surface and noting that 4 dip in 
the pressure enveloce will indicate treneition. The reke stetde tube 
provided thie trpe of messurement ox there certainly te e dip in the 
Cp gurve ot this point. jleverer, « shape faetor whieh ts cherecturlLetic 
of # turbulent beundsry leywr hes bee seamured ahead of thie peritte 

“he erux of thie diseumeion of the Wwomiery Leyer profiles is thet 
the eeacuremeants acaeer to be in ecremtent with themry eel the velo 
for “ and @ een certainly be used (1f the overall presedure is corruct) 
te adjugt the ahane of the boys 

Tt algo say be oheerved thet the relative lecetion of the traneition 
point on the top and bottiem marfnees af the foil wild enim » Cetinet 
@ifferance tn the nature of the eopearenee of the adjusted trailing 
edges. Hern roaghnees offerte can be impertent. %s atherpt was sede 
to etisciate turbulenes om the woe) and the merfece of the fell was 
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reasonably mscoth along ite forward sortiona so thet the extensive 
Leneth of the region of Laminar boundary Lewer crewth on the forward 
aection te not perticalarly surrmrlsing. 

‘animation ef this deta Leads us to ttm conmvluelon that at nege 
ative angles of attack, the soundery Layer growth on the woper eurface 
wilh be retarded, end the larger “which would ocour of the botton of 
the tratlhing edco would effectivety inereace the encle of attieck. Tie 
vegerding thickness e?fects, thie would tent te inerease the Lift, The 
fwererse is true fer positive angles of atteak where the cradianta on 
the upper warfnee may be strongly adverse, The poaitive angle of attecc 
alee results in strong corner flow at the Leading sige whieh causes an 
intense low pewamare region whieh eculd well induce torbalence «11 «long 
the upper scurfange | 

Heagttmes of the foil surface, if ite "hydreulie” dlemeter is 
wafficiantiy large, sey in?lawsee the behavior of the tertulent Tlarer 
as well oe the tranad tion gai nite 
fe USGS OR OF POPUTISL PU CALCULATIONS TN THe COMRSCTED Poa 


Ag mentioned in seetion TI7, tim cloke of te experimento 
not acres with potential “low shout the ansltered bedy, let alone with 
the form serrected for “. Therefere it te poesttle only te eke conl- 
shetive resarka on the merits of the prepesed method for avtaining Litt 
alterations due to viacor! ty. 

Im fleures 71 end 22, we keer thet the magnitede of the bation 
eurface dete is diffarert then the tocarstiesn|) ragults, hover, £t 
showld be noted thet there ic « huey between u/e = oh and 4 in the 
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experimental presaure curve. fn figure 2? we tan soe the come hump 
only in the corrected form curve, At the reer port of the ffeil it 
ie extramely diffieuwls to gee whieh of the potential thearr curvea 
hee the same slope and beherior et the trailing edye so the dztas 
The potential flew rewults for the uncorrected foll section show 
higher value of slope at the tralling edge. This ia to be expented 
eapeclally when the preseure gradleste are atrengly adverae. ‘The buun’~ 
ary leyer grows rapidly en the gurfrer in question end wher the reoult- 
fing * 40 added to the fell an oppesivg correction regaltee An exemple 
whil tliustrate the points aging the eyeter of correctivuna devierd tn 
thle report. “iven a twoelimensione) foil section at « bigh angle of 
attack but with no eaperetion: tee bountory layer mearared on the 
top wurface will be quite large omi the engle of sttnck wil) be ate 
feotively decreased, The thickening of the after section of the foil 
end the resulting increase in Sloy eoceleretion of well aa the decrensed 
wet of atteck will contribute te reduce the strong efverse crediente 
Thus, potential theory about this corrected Com: muek pradiet Leer 
miverse gradients than the flew around the anchencad boty, For negne 
tive angles of attack, the lower surface will have the adverse eradiq 
ents an the trailing odye ta approached. ” will. consequently be 
greater there end the effective angle of atteeck will be locrensed and 
the combined effects of aided thickness end emgle of attack will cause 
a decrasee in the sdverse preamiue gradient. 

alt of the plots of ovtentiel theory solations for the corrected 
forma shew « rapid preawure lose of w/e * .79, Thi tae been oxobeined 
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in a previous section. Tt fa worth noting hore, however, that thie Le 
the largest single shortecsing of the entire philosepy of the theatse 
The flow es deseribed tn thie commuter procram seat « equere tal led 
projectile like foil at om angle of attack, with the requirecmt for 

& stagnation point im the canter of the tell, The potential Plow 
around thia form certainly will not be the anelog of the aetucl More 
Sehneider (Sef, 3), pointed out im hie experiment thet the ¢Leplecenent 
thickness of the boundary leyer end wake Joined reavaneabliy anifermly ot 
the trailing edge so thet 2 better procedure would be to meme That 
the foil is extended a short bit by the were omd the deed alr tebble 
whieh Schneider (3) observed and thet it tapers to a nero thickness. 
Cui enld not bo edienpted in thin expertnet withent hotter eorerege 
of the trailing edge region, since the polnt of sere thickness would 
be movt logleally chosen wien the statie pressure verietion ecrons the 
wake bee fallen to sem goal] value. 
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V. COOLS TOMS 

The lerge disacreement betueer the seasured ond caleuleted sreseure 
distribution leads to the felicwing conclusions: 

Tm order to vbtein meaningful data the experinent mast be porformed 
in #» mich better instrumented and comtroclied manner, he rtetemant 
made enrlior in the thesia to the effect that the wall cerreetions 
wore negligible should not be taken out af context. “he calouletad 
sorrection did not suitably adjust mr deta, howwer, the magnitude of 
the wall corrections in sensitive boundery layer, drag, and Litt effect 
experinents have led te inereased work with flexiihle tumel welle and 
eeilings to eliminete the congtrainta glace! o wtreasline curvature by 
the jet boundaries. fm sewtion TY, [ caleuleted thig effect. Th was 
108 of the total Lift ot oiy 0.0% "ran fois, 7 conclude thet wall of~ 
fecte sre substantial encogh to warrant rerumming tre experiment with 
the overhesd end floor ef the tunnel ferned te the shape of the fell. 

The method whieh T used te apoly the ” correstion to the foil is 
fallacious ané should be replaced with om that dows net oredict obe 
viously exeoscive streamline defects toward the trailing eige. 

Tt noted thet slong the fell not in the trailing edge region, 
the results of the potential flor around the correcta form show wlaller 
hump: ore? hollewa an the expouriwental date, but the uncerractad form 
often miases them, “herefore, 1 conclude that in regione where the dige 
pleceuert thickuess te not unreslistiecsl ly trunmeeted av 1% wea at the 
trailing edge, the streamline deflection iu reasonebly well predleted 
by this theory. 
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‘The bouriery layer resinlte show behaving whieh would de expected 
uncer toe seaqured comiifiens art is not considered on a source of 

“he teston of the fell preacure geneing devices were poor se well 
as the ungle of attack control set up. 4 good deel of Un uncertainty 
shout the measured preagurea would hewn boon elisinated hed efftetent 
taps been used om? more of them inetalled. tot reeliy wnewing the ome 
of attack, made real numeries) comprrisons iapossthle. 

Ts addition to thickness, Yeynclds tawser and eacber, the boundary 
loyer diatetiution on the surfece of the foll amd indirwethy the Litt 
are dependent on Toll reughosey and Creo wtreee tarbulenme. Far tiie 
Feesen {¢ in felt thet best coocltia would be had if tonne] turoulenee 
were reduced ig enplering ecraene ood wireiehteere ard dhs ferest 
terbulence imeeption oesttiieres eateblighed aawing trip wire. Treston 
ti Suecting (12), show song af the regelte af work with ami «i theat 
turbulence etimilaters wm the wings they jueted ant the reaultea sre 
quite graphic. 
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FI, ROOMS T  PURTRES ONT 

Sefore attearting to comtina the Lovestigation of riacous «effects 
using the same spparatua, certein corrections mist be madre 

first, the airfoil aection shld heve the leading and teeliing 
edges removed and the key width doubled te aveid any warp dime to poor 
geints. Wile they ore rewoved, oreagyare tem should te imetalted in 
them. “ost important is a tep in the conte of the vertices] back side 
of the tealling efge. “he none should Seve oa neny topes an porsible, 
installed. Then the center 1ift in the fotl sheeld be eat down eri 
rected out ao there te o | ineh ehonsel ol] ero the wing. Tans 
should be instelied ts o flexible brase strip whieh will confor te 
‘the (oll gurfece. The vtrip wool fit inte the center Lift. “anther 
then waeteing tine with the oteel tobes in the foil ell the tage could 
we trough ont of twe chenneke im tie fell whieh could be pefalred. 

The tumee] should be adiusted with some aclimi plywoet toe hove 
me Sourdery affeeta on the fell behorier. Por hieh eoghes of attack, 
thie will bw abeolutely nerescery. 

To ovtein s meaningful excumt of data, 41 ferent agasuring devices 
wast de used -« the houndery leyer should be investigated using a 
traversing probe wihier could be castrelle?d fron cuteadde the tame, cmd 
wered both in and out of the boundary lever, sad in & chord=wies direc. 
tion, Combucting paint enc seraing Michte eoalé be uset to meintetn 
Sine position control, Thie traversing secheniwe shoald hove acounm 
motaticon for both stetic end tetel oreneure tebes and slae het wire 
snenemtera sx? a ephericen! tahe with whieh to meke detelled waay eurvers. 
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The time comstent on tile eyetes should te lov. If powaible, a trane- 
duce errengement for the tote] preagure sarveys in conjumetien with 
ana « y plotter, ghowld be wads 

the static tee on the foil shoeld somber no Leas then sixty end 
they could be comertad to « photestatic manometer sank, There ia one 
aretleble at “eleTs With thane wadiMeetions, date which cam renliy 
de analysed would be obtained, 

Talo wmperiment provider the sooortanity to "eLlh ten bieele wi th 
one stone” o@ if were, Tho work te closely related with tartalent 
teendary levers and it provides an smwertanity to obtain «sore feta on 
turoulent layers. The abilite 40 preciwt the hebevior of these Layers 
dependa upen heving dete with whieh the azin friction or the integral 
ef the skin friction sey be fond «ines tf fe an ingot te the Mernen 
integrsl avpronch, Tharefore, it would beheove wa te obtain sin fric-« 
then data sinultanesusly om! correlate 14 with sume of the boundary 
layer perenctert. 
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TABLE III 


BOTTOM SURFACE 


ANGLE OF ATTACK = 0,0° RE, © 3.67 x 10° 
STATION x/e (inches) 5 "(inches ) 
. 0.00787 0.162 0.01215 

2 0.117 0023 0.0315 

3 0.1776 0.220 0.0330 

4 0.2198 0.300 0.04621 

5 0.3280 0.361 0.0588 

6 0.h1L0 0.420 0.0711 

7 0.990 0.590 0.083, 

8 0.5860 0.624 0.0961 

9 0.6700 | 0.720 0.1086 
10 0.7500 0.758 01207 
11 0.8220 0.820 0.1390 
12 0.9140 1.122 O.17h2 


WAKE 1.023 0.910 0.1780 
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TABLE III (cont) 


TOP SURFACE 
ANGLE OF ATTACK © 0,0° RE, = 3.67 x 10° 
STATION x/c 6 (inches) g* (inches ) 
1 0.00757 0.034 0.0089 
2 0.1170 
3 0.1776 0.0L), 0.0096) 
\ 0.298 0.065 0.0121 
5 0.3280 0.091 0.01LL5 
6 0.4140 0.190 0.0225 
7 0.4990 0.246 0.0354 
8 0.5860 Ohhh 0.0678 
9 0.6700 0.510 0.0781 
10 0.7500 0.568 0.0956 
12 0.8220 0.593 0.102 
12 0.9140 0.660 0.1140 
WAKE 1.023 0.790 0.1400 
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Tate TY (eant) 


TOP SURFACE 
amis oF attack = 0,0° ae, © SobS x 10 
SEAT TON x/e (usches } * (Aveta ) 

1 QOS? 6932 0.00889 

4 2.8759 e160 DeQOLS 

6 Mob:100 e192 DeOATIS 

8 458600 4320 O.Oh279 
1 0.75000 ER 0,O87K0 
12 0.9100 G.TAT 012490 
wake 1.02300 2.620 G0162H0 

DOPTOM SURFACE 

STAT TON x/e (inches } “Cinohes ) 
1 Ge00787 M212 0.01975 

b Ge2h9#O 96299 2.02605 

é Oeb1L00 eh70 060160000 

8 0.S8600 0.870 2-08950 
10 0679000 786 L090 
12 0.91100 6970 DelhhOn 


WATE 102300 6950 0015100 


TAREE Te 


TOP SURFACE | 
ateaiat or Arran = “2 2%, 2 3067 x 10% 
Arar ton x/e (Anahee ) "ttnenes ) 

1 BOOST 0.180 0.01082 
> DLLIOO 5 O.2RHS 
DATO 4292 oeteso 
b .2h900 9,300 TLIO 
§ 0.32800 Ga 353 VeMHS20 
6 O.h200 OehSS 2606650 
? a.k9900 O.Gh8 e310 
a 2653600 O89? QeOFIOG 
9 9.67000 e710 Selle 
Ww 6.78000 04763 LPOG 
u O.B2200 GebMs Oe L32SO 
2 O.PLhOO 6938 Oy 167O 
WAKE 1.02300 Leos 2.2000 
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TARLE BY (cont) 


ROTM SURFACE | 
AMOLS oF aTracy = *2° Mie = Beh? x 105 
STAT fom x/e ‘Aywalves ) atten 

2 Q.007S7 

2 12700 e170 
% 17D BeX7O 
a Ge2hveo SalTO 
$ 0.32000 0300 
$ OhIhOO O_332 
? 0.19990 6500 
é DeS86G0 96590 
3 Deb 7000 O89 
+) 0.78000 O.612 
u QeF2200 O0S8h, 
1 O.91h00 e830 DeLOTRO 
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TABLE V 
VELOCITY PROFILE IN THE WAKE 


ANGLE OF ATTACK = 0,0° RE, = 3.67 x 10° 
y h - hst vi 
(inches ) 
1.26 2.80 ' 1.000 
i121 2eGL 1.00) 
1.03 2.80 1.000 
1.01 2.83 1.030 
: 207k 0.989 
286 2079 0.998 
82 2.75 0.991 
276 2.73 0.987 
25) 2.62 0.957 
053 2.140 0.926 
51 2 yh 0.933 
elily 2.31 0.908 
036 2.08 0.862 
036 1.89 0.822 
032 1.93 0.8307 
226 1.57 O.7h9 
oly 2.15 0.641 
oil 1.00 0.597 
Fan 0.8) 0.53k 
a! 206 0.94 0.560 
‘ oly eee 0.66 
3 Pe Meas Lee 0.691 
= 36 1.76 0.797 
= el6 2.02 0.85) 
= 9 2016 0.883 
= 53 2.36 0.922 
= 73 218 0.947 
bead 88 felk 0.989 
oo 096 gave 0.992 
-. 98 Cert 1.000 
—_ oth3 2.78 ie 
= .113 2673 0.990 
= e117 2.77 1.000 
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TASLE ¥ {oont) 
VELOCTVY SORTER Te THR ware 


AROLE OF ATTACK © 0,0° RB, * Sohf x 10° 
¥ he het v/v 
(inehes ) 

2690 6.00 120000 
81 © 8 e989 
e 5 ome 
Mohd k AS 9.8800 
Delt heS2 0.8686 
Mob d ho®? Qe 
0.27 3610 0.7190 
Sell? Oe T27S 
Sel? 2oitt 066200 
«F_ Ol; Relz eS P50 
= . a 
ehS ocysbo 
- ks on7560 
«i, 33 bol? 0.8300 
#0. 68 68840 
mathe beT3 Ms] 
«0.56 ¢ 60k 06130 
3.55 be¥3 O.9070 
Shh 30 %G00 
07} $053 DeP609 
“0673 & 40 0.9660 
=O.75 Gl Oe9SL0 
53% PRED 
a) $692 Be F9IO 
Le § a9 0.990 
Py Pe Sas 
“1,08 $498 On 997 
«1,18 % OG GePPIG 
~Lotd 5ST Be F980 


TAME VY (oont) 
FRUITY PROFILE TW THE WAKE 


ANGLE OF ATTROR = *9° Hil, = 3.47 x 10° 
¥ h = het w/V¥ 
(inches) 

Lehk Re?D 1.exe 
1.23 877 Oe 
116 2648 G-908 
1.03 #73 Che PREP 
2.73 a PRED 
on ath ose 
re 2.01 ric 
6.48 2002 08500 
oa — 3,830 
oni in On7850 
Bete 1.28 B.8770 
2 182 DebS9O 
He KE %eh19O 
9.83 DGE9O 
3e0h 0.88 0.5849 
0% 6-f1 
3-01 Oy 
re - <= 
3 
=O.2h 1.666 OeT720 
G28 Left Ge7 720 
ei? Ze? Defh96 
welt’ 26! O.8710 
00h? aol? O8875 
#0656 21d 0.9200 
«067k 2.47 D97B0 
#0, 8 207k Oe 971D 
076 2.75 Be 9930 
0,98 #79 1.0005 
Ll? 2.76 69080 
~, 2.79 1,0 


TADLE VI 
SURFACE VELOCITY PROFILES 
ANGLE OF ATTACK = 0,0° RFg = 3.67 x 10° 


TOP SURFACE 


STATION 1 STATION 3 STATION } STATION 5 
v/v y vNV y v/v y vv y 
0.999 0.03 0.995 0.05 0.983 0.05 0.96 0.05 
0.703 0.015 0.999 0.10 0.998 0.10 0.99145 0.10 
0.889 0.12 1.000 0.17 0.999 0.17 0.9995 0.17 
0.999 0.33 0.999 0.25 0.9985 04225 0.9995 0.25 
1.000 0.37 0.999 O.u1 0.99 0.1 0.9995 Ohl 
1.000 0.69 0.999 0.68 1.00 0.68 1.0000 0.68 
1.000 0.80 0.999 O71 1.00 0.72 10008 O.72 
1.000 0.90 0.999 0.87 1.00 0.87 1.0000 0.87 
1.000 1.00 0.999 0.91 1.00 0.91 1.0000 0.91 
STATION 6 STATION 7 STATION 8 STATION 9 
vWV y vNV y v/v y vNV y 
0.9612 0.10 0.8837 0.10 0.f166 - d.16 0.8349 0.20 
0.9889 Ol? 0.955 0517 0.9072 0.26 0.915k 0.32 
0.9965 0.25 0.993 0.25 0.9839 0.0 0.9803 O.h5 
0.9965 Ol 0.9965 Ohl 0.9970 0.50 0.9945 0.53 
0.9970 0.68 0.9970 0.68 0.9995 0.68 1.00 Oai72 
0.9965 0.71 0.9970 6.71 0.9995 0.80 1.00 0.84 
0.9975 0.87 0.9965 0,87 0.9985 0.89 2.00 0.94 
1.00 0.91 1.00 0.92 1.00 1.000 1.00 1.04 

0.999 1.25 1.00 1.32 


0.9985 1.58 1.00 1.61 


SURFACE VELOCITY PROFILES 


ANGLE OF ATTACK = 0.0° 


STATION 10 


v/V y 
0.5263 0.020 
0.7635 0.180 
0.8660 0.285 
0.9455 0.420 
0.9752 0.80 
1.0000 0.690 
1.0000 0.800 
1.0000 0.900 
1.0000 1.010 
1.0000 1.310 
1.0000 1.600 

STATION 1 

v/v y 
0.853 0.025 
0.290 0.100 
0.996 0.110 
0.999 0.200 
0.999 0.30 
0.999 0.670 
0.999 0.800 

0.890 
2.000 1.000 


TABLE VI (cont) 


TOP SURFACE 


STATION 11 


v/v 


0.5301 
0.7810 
0.8712 
0.9139 
0.9721 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
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BOTTOM SURFACE 


STATION 2 
vNV y 
0.658 0.030 
0.978 0.190 
0.996 0.320 
0.996 0.30 
0.996 0.550 
0.998 0.720 
0.998 0.825 
0.997 0.930 
1.000 1.020 


STATION 3 
vv y 
0.6750 0.03 
0.9150 0.13 
0.9975 0.38 

0.50 
1.0000 0.65 
1.0000 0.78 
1.0000 0,88 
1.0000 0.98 


REg = 3.67 x 10° 


STATION 12 


v/v y 
0.1733 0.02 
0.7880 0.23 
0.90Lh 0.38 
0.9434 0.52 
0.9829 0.60 
0.9995 0.80 
0.9995 O91 
0.9990 1.02 
3.00600 1.10 
0.9985 1.34 
0.9990 1.65 


STATION bi 
v/v 


0.618 
0.869 
0.983 
0.998 
0.997 
0.999 
0.999 
0.997 
1.000 
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TABLE VI (cont) 


SURFACE VELOCITY PROFILES 


ANGLE OF ATTACK = 0,0° 


STATION 5 
v/v y 
0.597 0.02 
0.838 0.16 
0.955 0.27 
0.998 O.h1 
0.999 0.51 
1.000 0.68 
1.000 0.82 
0.999 0.96 
27000. 2.00 


STATION 9 


vv yi 
0.710 0.10 
0.750 0.17 
0.81 0.32 
0.891 0.42 
0.9L9 0.49 
0.952 0.70 
0.999 0.82 
0.999 0.91 
1.000 1.03 
0.999 1.36 
0.999 1.66 


BOTTOM SURFACE 


STATION 6 
v/V y 
0.598 0,02 
0.75 0.16 
0.913 0.27 
0.987 0.40 
0.998 0.52 
1.000 0.67 
1.000 0.80 
1.000 0.89 
1.000 1.00 
1.000 code 
1.000 1.61 


STATION 10 


v/v 


0.53 
0.696 
0.801 
0.880 
0.915 
0.983 
0.996 
0.995 
1.002 
0.999 
0.999 


y 


0.025 
0.130 
0.250 
0.420 
0.165 
0.670 
0.800 
0.880 
1.000 
1.350 
1.630 


STATION 7 
vNV 


0.597 
0.7h9 
0.864 
0.950 
0.992 
1.003 
1.003 
1.001 
1.003 
1.00) 
1.001 
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STATION 11 


v/v y 
Ol Sh 0.03 
0.679 0.23 
0.780 0.24 
0.882 0.38 
0.890 0.5 
0.968 0.67 
0.989 0.78 
0.996 0.88 
1.002 0.99 
1.001 1.30 
1.001 1.59 


REg = 2a67 x 106 


STATION 8 
vv y 
0.715 0.120 
0.781 0.200 
0.877 0.310 
0.960 0.50 
0.978 0.525 
1.002 0.720 
1.001 0.850 
1.000 0.90 
1.002 1.050 
1.000 1.00 
1.000 1.670 


STATION 12 


v/V 


0.506 
0.509 
0.573 
0.698 
0.738 
0.8h6 
0.893 
0.930 
0.957 
0.998 
0.999 
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TABLE VE (oont)} 
SURFACE VELOCITY PRoPTias 


ANGE OF ATTACK = 2° an,» 2667 x 10% 
Stanton 2} STATION be 
vv ¥ wht y 
O90 Od S45 O,02 
OFPES Old S879 O6%b 
GeI8Th 0H 2907 O26 
Do ITS a O23 
09970 ehO 1.00% 
O.9960 O.%7 a.998 0.0% 
0.9960 3,48 0.996 
O90 4.40 A i i 079 
1.8000 9 1,000 
Starioe 5 ararion 8 
w/t y wl y 
0.619 0,05 eSS80 0.03 
O.8:29 6.15 729 O11 
0.9020 9.19 2780 «218 
Os9680 0.27 GeAh3G 623 
9965  DehO O93 0037 
1.0000 06,98 O.9790 0,59 
1.0003 0. 0.9989 DSS 
09995 O.9995 3869879 
1.0000 0,88 1.0000 1,00 
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FARLEY VI {oont) 
SURPACH YELOCTYY Paorraes 


ANOLE OF aTrack « *2” RR, @ 3.67 x 20% 
STATION 2 SPOTS Le 
vt ¥ wt ¥ 
O6527 99.03 BeShe 623 3.13 
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